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ACTION  OF  THL  GRIGNARD  REAGENT  ON  TEIOCYANATLS 


I.     HISTORICAL  klW  THEORETICAL 

This  investigation  was  undertaken  at  the  suggestion  of 
Roger  Adams,  under  whose  direction  the  work  has  been  done.  The 
scientific  study  of  the  reaction  was  first  advanced  in  an  article  by 
Adams  and  Beebe.1 

Reactions  of  the  Grignard  reagent  with  many  types  of 
carbonyl  containing  compounds  have  been  carefully  and  exhaustively 
studied,  but  this  cannot  be  said  concerning  the  reactions  of  the 

Grignard  reagent  with  organic  substances  containing  the  radical  -C: 

2 

Blaise     treated  cyanogen  and  certain  aliphatic  and 

aromatic  nitriles  with  alkyl  and  aryl  magnesium  halides,  and  found 

that  he  obtained  ketones  according  to  the  following  equations: 

RC2N  «+-  R'MgBr  =s  R-C-R" 

II 

N-MgBr 

R-C-R"  +  H20   «  R-C-R"  +  1  g^jjr  +  NH 3 

With  phenyl  nitrile  and  ethyl  magnesium  bromide,  an 
eighty  per  cent  yield  of  the  phenyl  ethyl  ketone  was  obtained,  but 
much  poorer  yields  were  obtained  with  nitriles  of  the  type  of 
benzyl  cyanide. 

Fair  yields  of  nitriles  were  obtained  by  Grignard3v;ho 
allowed  a  molecule  of  alkyl  or  aryl  magnesium  halide  to  drop  into 
a  molecule  of  chlorocyan. 

RKgEr  -f-  C1CN   =s    RON   -h  MgBrCl 


>  -  - 


Cyanogen  bromide  and  iodide  are  not  suitable  for  this  purpose;  with 
the  latter,  entirely 

RMgBr +•  ICN  =    RI  Hh  MgBrCN,     while  with  BrCN, 
reactions  of  both  types  occur,  the  latter  predominating. 

By  the  same  method  of  procedure  with  cyanogen,  Grignard^ 
was  able  to  produce  nitriles  instead  of  ketones,  which  Blaise  ob- 
tained when  he  treated  the  Grignard  reagent  with  cyanogen. 

RMgBr  +  CNC1    m   RON  -f"  MgBrCN 
Adams  and  Eeebe^"  studied  the  reaction  on  dibenzyl 
cyanamide  and  found  that  the  reaction  first  gave  a  magnesium  halide 
addition  compound,  which  on  decomposition  with  dilute  acid,  yielded 
the  salts  of  substituted  amidines. 

R2N  -  CN-f'R'MgBr  es  R2N-C-R* 

NMgBr 

RoN-C-R1*  (HoO)«b  (RcN-C-R' ) .  HC1  +  MgBrCl  +  H90 
II  (2HC1)  || 

NMgBr  NH 

It  has  been  the  purpose  of  our  work  to  study  the  re- 
action of  the  Grignard  reagent  on  organic  compounds  containing  the 
-S-CSN  radical.     With  one  exception,  all  the  reactions  were  carried 
out  using  the  benzyl  thiocyanate.     We  treated  in  ether  solution 
ethyl,  phenyl,  and  isobutyl  magnesium  bromides  with  a  dry  ether 
solution  of  the  benzyl  thiocyanate.     Also  the  reaction  of  para- 
chlorobenzyl  thiocyanate  on  ethyl  magnesium  bromide  was  carried  out. 
The  usual  precautions  for  the  exclusion  of  moisture  and  carbon 
dioxide  were  observed. 

At  first,  the  reaction  was  tried  with  ethyl  magnesium 
bromide  and  benzyl  thiocyanate,  using  small  amounts  and  varying  the 


.  proved  to  be  benzyl  mercaptari, 


method  of  addition  as  well  as  the  decomposition  of  the  reaction- 
product.     The  proportions  used  were  benzyl  thiocyanate ,  1  part; 
Mg,  1.2  parts;  CgHsBr,  1.4  parts.     Later  it  was  found  that  better 
results  were  obtained  by  using  three  times  the  amount  of  magnesium 
and  organic  halide  to  one  part  of  benzyl  thiocyanate.     The  reaction 
product  was  decomposed  with  ice  and  hydrochloric  acid,  the  ether 
layer  was  separated  from  the  water  and  acid  layer,  and  extracted 
several  times  wi  th  ©ther.     The  ethereal  solution  was  dried  over 
anhydrous  sodium  sulphate,  and  the  ether  distilled  from  a  small  dis- 
tilling flask,  adding  the  ethereal  solution  in  small  portions  by 
means  of  a  dropping  funnel. 

The  substances  obtained  from  this  reaction-product 


K2SH,  thioethers 


H2S-R' , 


and  in  some  cases  dibenzyl  disulphide, 


CK2 


m.p.72 


stilbene , 


CKsCH 


m. p. 124 


0 


Fair  yields  cf  the  mercaptan  and  thioethers  were  obtained  in  the  case 
of  ethyl  magnesium  bromide  and  benzyl  thiocyanate,  when  the  latter 
was  added  to  a  large  excess  of  the  Grignard  reagent.     With  phenyl 
magnesium  bromide,  the  phenyl  benzyl  sulfide  was  not  formed  but  a 
large  amount  of  benzophenone  was  obtained.     With  isobutyl  magnesium 
bromide,  the. thioether  was  the  main  product.     In  the  reactions  with 
benzyl  thiocyanate  and  ethyl  magnesium  bromide,  when  the  ethereal 
solution  was  separated  from  the  solid  residues  before  decomposition, 


4  - 


it  was  found  that  the  thioether  was  obtained  from  the  ethereal 
solution  and  that  the  mercaptan  was  obtained  from  the  solid  residue, 
This  would  indicate  the  formation  of  a  complex  salt  which  on  de- 
composition wi th  ice  and  hydrochloric  acid  yields  the  benzyl 
mercaptan. 

It  seems  to  us  that  this  reaction  may  be  used  for  the 
preparation  of  mercaptans  and  thioethers  and  our  results  show  that 
they  may  be  formed  according  to  the  following  equations: 

CHgSCN  +  RMgBr  ~  CHg-S-IvIgPr        RCN  (l) 


(2) 


0 


CH2SCN -f- RMgBr  =    f\-     -S-R  -\~  MgBrCN 


CHg-S-MgBr  4-   K20s/<VCH2-S  -K  -J-  MgBrOH 

(HCl)l 


2  CH2-S-I.IgBr 
r 


C.  CHg-S-H  RMgBr 


Kgj-S-MgEr  -h  RH 


^CKg-S-l.IgEr    —         j^\cnsCE^\  2MgBrSH 


(s) 


CH2-S-S-CK2/A(L:gBr)2  (4) 


(5) 


(6) 


RCN  -f  R'MgBr  = 


R-C-R* 
II 

UMgfir 


(7) 


R-C-R'  H20     =        R-C-R1       MgBrOH  NH3 

II  II 

NMgBr  0 


CH.-5GN 


+ 


CH2SMgBr-i>ApH2-S-S-GH2/V  I  (8) 


as 


CH2- 


•CH 


+HoO 


>V  CH2-SCN  -f-  RMgBr 

0 


H2-R    «+■  MgBrSCN 


V 


R-S-Rf-f-  R"MgBr  ss  R '  -R"  R-S-MgBr 
R-S»S-R-f  R'MgBr    a     R-S-E   -f-  R 1  - S - 


RMgBr  -|-  C02 


R-C^qL  j    -I-  HOH   <=  R-C^oE 


=■  R-°^0M 


g^r 


.0 


RMgBr  -h  HOH 


r=.    RH  -f-  rgBrOK 


(9) 
(10) 

(11) 
(12) 
(13) 


( 14  ) 


Among  other  methods  for  the  preparation  of  mercaptans 
and  thioethers,  the  following  have  been  used  In  the  past. 

Marcker^  obtained  benzyl  mercaptan  by  the  interaction 
of  benzyl  chloride  and  alcoholic  potassium  hydrogen  sulfide. 

^CKcS-K    -f-  KC1 

b.p.   194°-  195° 

It  is  easily  oxidized  to  dibenzyl  disulfide,  m.  p.  66°-  87°.  The 
same  author    prepared  the  benzyl  ethyl  sulfide  by  treating  the 
sodium  salt  of   benzyl  mercaptan  with  ethyl  iodide. 

\  +  r=:  vCHo-S-IIa    -f-  H2 


OHoSH  «+•  2N? 


CH2-S-Na  +  IC2H5=^H2~S-C2H5  +  Nal 


b.  p.   214°-  216° 


-  G  - 


Carlson     obtained  quantitatively  the  benzyl  phenyl 
sulfide  by  the  interaction  of  benzyl  nitrate  with  the  potassium 
salt  of  phenyl  mercaptan. 

,-f.KNO. 


CH2NO,    +  K^»y<CH2-£ 

V 


0 


m.p.  40-41° 


S 


'abouryw  studying  the  reaction  of  finely  divided  sulphur 
on  the  Grignard  reagent  found  that  he  obtained  mercaptans  and  di- 
sulfides, according  to  the  following  equations: 
S-MgBr4*  HOH  =    /V!    -f  gBrGK 


3-MgBr  = 


+  S(MgBr)2 


Later,  the  same  author  ,  studying  the  reaction  of 
organic  halides  on  the  compound  formed  by  the  reaction  of  sulphur 
on  the  organo -magnesium  halide,   obtained  a  number  of  organic 
sulfides  in  yields  of  from  10  -  4.0%.     The  compounds  obtained  and 
the  reaction  may  be   summarized  as  follows: 
RMgBr  4-  5    =s  RSMgBr 
RSMgBr  f  R'X  s  R-S-R'  -f-  Mgl 
Methyl  phenyl  sulfide,  CH3-S-C6K5, color le ss  liquid,  b. p. 187-190° 
Ethyl        "  "  C2H5-S-C6K5  «  «         b.p. 20*206° 

"  "  C6H5-CH2-S-C6H5  white  leaflets        m.p.  40°-41° 


Benzyl 
Lie  thy  1  p.brorn 


CH3-£-C6H4Br    "        crystals        m.p.  32 


Benzyl  p.brorn  "  nC6K5CH2-S-C6H4Br 
■        p.chlor"  "C6K5CR2-S-C6K4C1 


m.p.  64°-65° 
m.p.  52°-53° 
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Ethyl  p.cresol  sulfide  C2H.5-S-C6H4CH3  b.p.  218°-220° 

Methyl  «<-naph thy  1    M      CH3-S-C10H7        Colorlesc  liquidJ&/).166G-1630 

IthylA-     M  "       C2K5~S~G10H7  "  "  b.p.l75°-176° 

Benzyl^  -     "  "       C6H5CH2«-S-C10H7  White  leaflets  rn.p.  78°-8C 

Wuyts1^  found  that  a  thiol  was  the  only  product  of  the 
action  of  finely  divided  sulphur  upon  organo-magnesium  compounds,  if 
the  reaction  was  carried  out  in  an  atmosphere  of  dry  Kg  and  care  was 
taken  to  avoid  excess  of  sulphur.     The  yield  attained  80$  of  the 
theoretical.     By  the  action  of  sulphur  on  the  compound  formed  by  the 
condensation  of  the  thiol  with  a':  additional  molecule  of  the  reagent, 
a  di sulphide  was  formed: 

RMgBr  4-  S      rr  RSMgBr 

RSMgBr -J- HO H   •=        RSH  [gBrOH 

RSH  +•  RMgBr  RSMgBr   4-  RK 

2 RSMgBr        S    ^       R-S-S-R  -h  S(MgBrl 
while  by  the  interaction  of  the  disulfide  and  the  organo-magnesium 
salt,  a  monosulfide  was  obtained: 

R-S-S-R  -h    RMgBr   =       R-S-R  R-SMgBr 


-  8  - 


II.  EXPERIMENTS 

A.     The  reaction  was  first  carriced  out  using  ethyl  magnesium 

bromide  and  benzyl  thiocyana ts.     The  ethyl  magnesium  bromide  was 

prepared  in  absolutely  dry  ether,  using  1.2  and  1.4  excess  of 

magnesium  ribbon  and  ethyl  bromide  over  the  amount  of  benzyl  thio- 

cyanate  to  be  used.     The  quantities  used  were  as  follows: 

1  part  of    C6H5CK2SCN  20.0  grams 

1.2  "     M      Mg  3.9  " 

1.4  ■     "       CoH.Br  20.44  " 

2  5 

The  ethereal  solution  of  the  benzyl  thiocyanate  was  cooled 
to  0°C  and  was  added  slowly,  by  means  of  dropping  funnel,  to  the 
cooled  ethereal  solution  of  the  benzyl  thiocyanate.     The  reaction 
flask  was  connected  to  an  upright  condenser,  which  was  fitted  at  the 
top  with  a  soda-lime  tube  for  the  exclusion  of  carbon  dioxide  and 
water.     The  temjffirature  of  the  reaction  flask  was  kept  as  low  as 
possible  by  means  of  an  ice  mixture. 

As  the  ethereal  solution  of  the  thiocyanate  struck  the 
Grignard  reagent,  a  white  solid  weuld  separate.     The  mixture  stood 
for  forty-eight  hours  at  room  temperature.     The  reaction  flask  and 
contents  were  cooled  to  0°C  and  it  was  decomposed  with  ice  and  con- 
centrated hydrochloric  acid.     There  was  complete  solution  in  both 
the  ether  and  acid  layers.     The  ether  layer  was  separated,  and  the 
acid  layer  was  extracted  several  times  with  ether.     The  ethereal 
solution  was  dried  over  anhydrous  sodium  sulphate  and  the  ether  was 
distilled  off  from  a  50  c.c.  distilling  bulb,  adding  the  ethereal 
solution  In  portions  by  means  of  a  dropping  funnel.     After  all  the 
ether  came  over  there  was  a  yellow  oil  between  140°-170?  amounting 
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to  about  five  grams.     It  had  a  very  disagreeable  odor.     At  this 
point  decomposition  seemed  to  be   taking  place,  so  I  distilled  the 
remainder  under  a  pressure  of  68  m.m.     A  dark  red  oil  was  collected 
between  140°-190°.     A  white  solid  crystallized  from  both  the  yellow 
and  red  oils.     Upon  recrystallization  from  ligroin  its  melting  point 
was  fourd  to  be  123°-124°.     This  agrees  with  that  of  stilbene. 

B.  The  substances  and  amounts  used  were  the  same  as  in  the 
previous  experiment,  but  the  operation  was  reversed,  adding  the 
ethereal  solution  of  the  Grignard  reagert  to  the  ethereal  solution 
of  the  benzyl  thiocyanate.     This  time  the   contents  of  the  reaction 
flask  were  not  decomposed  directly,  but  the  ethereal  solution  was 
separated  from  the  solid  portion  and  distilled.    Fractions  were 
collected  as  follows: 

First  20°-35°  ether 

Second  35°-44°  mostly  ether,  10  c.c. 

Third  44°-91°  clear  oil,  disagreeable  odor 

very  small  amount 

At  this  temperature,  there  remained  a  yellowish  white  solid,  which 

represented  the  main  portion  of  the  reaction  product.     On  further 

heating  to  170°,  decomposition  took  place  and   the  solid  turned  red. 

I  redis solved  it  in  ether  and  attempted  to  recry stalli ze ,  but  was 

unsuccessful,  due  to  the  presence  of  impurities. 

C.  This  time  like  quantities  of   the  reagents  were  used  as  in 

A  and  B  and  the  Grignard  reagent  was  added  to  the  ethereal  solution 

of  the  benzyl  thiocyanate  as  in  B.     The  ethereal  solution  was 

separated  frorr.  the  solid  portion  and  distilled. 
First  20°-35°  ether 

Second  35°-63°  mostly  ether,  very  sitpII  amount 
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This  was  all  that  would  distill  over  from  a  water-bath,  leaving  a 
yellowish-white  solid  in  the  flask.     This  solid  was  dissolved  in  dry 
ether  and  the  ether  allowed  to  evaporate  in  a  crystallizing  dish.  A 
yellowish-brown,  pasty  solid  v/as  left  behind  which  formed  a  white 
solid  residue  upon  burning  on  a  platinum  foil.     This  fact  wom Id 
indicate  the  formation  of  a  magnesium  salt.     The  solid  in  the  dish 
was  decomposed  with  ice  and  hydrochloric  acid,  with  the  formation 
of  a  yellow  oil.     This  was  extracted  from  the  acid  layer  with  ether, 
forming  a  green  ethereal  solution  which  was  dried  over  anhydrous 
sodium  sulphate. 

This  was  separated  from  the  sodium  sulphate  and  the  ether 
removed  by  distillation.     The  g  reenish  black  residual  liquid  was 
distilled  from  a  10  c.c.  distilling  bulb,  using  an  air  condenser. 
The  temperature  rose  immediately  to  225    and  the  major  portion  of 
the  liquid  came  over  between  225°-228°.     This  quantity  was  too  small 
to  work  with.     The  second  portion  was  coli-cted  between  228°-250°, 
where  decomposition  took  place. 

The  solid  portion  from  the  reaction  flask  vas  decomposed 
with  ice  and  hydrochloric  acid.     An  oil  was  formed  on  top  of  the 
acid  layer  and  this  was  extracted  with  ether,  forming  a  yellow 
ethereal  solution.     It  was  dried  over  anhydrous  sodium  sulphate, 
after  which  the  ether  was  distilled  from  a  50  cc.   distillinr  bulb 
as  in  A. 

First  20°-o5°  ether 

Second  35°-90°        reddish  oil.     2  c.c 

At  this  point  a  white  solid  began  to  separate  in  the  flask. 
Third  90°-180°      yellow  oil.       3  c.c. 


»  IT  * 

Also  some  of  the  solid  collected  in  the  tube  of  the  condenser.  On 

further  heating  decomposition  took  place.     The  solid  was  pressed 

out  on  a  clay  plate  and  r eery  stall ized  from  li groin.     Its  melting 

o  o 

point  was  found  to  be  122  -123  . 

D.     In  this  reaction  the  amount  of  benzyl  thiocyanate  was 
increased  to  50  grams,  so  that  the  quantities  used  were  as  follows: 
l.C  part  CgKgCHgCCN  50.0  grams 

1.2     "  Mg  9.75  ■ 

1.4    "  CgHgBr  51.1  " 

Since  the  magnesium  ribbon  could  not  be  obtained  at  this  time,  the 
powdered  magnesium  was  used.     Some  difficulty  was  met  in  the  pre- 
paration of  the  ethyl  magnesium  bromide  and  all  of  the  magnesium 
powder  was  not  used  up  in  the  reaction. 

The  Grignard  reagent  was  added  to  the  ethereal  solution 
of  the  benzyl  thiocyanate.     A  white,  f locculent  solid  was  formed 
on  its  addition,  the  reaction  taking  place  rather  violently.  After 
the  reaction, was  completed,  the  ethereal  solution  was  poured  off, 
the  solid  remaining  in  the  flask.     This  ethereal  solution  was  de- 
composed with  ice  and  hydrochloric  acid,  and  extracted  several 
times  with  ether.     After  drying  the  ether  was  distilled  over  and  a 
clear  yellow  oil  was  left  behind.     A  light  reddish  oil  came  over  at 
first,  but  the  major  part  distilled  between  223°-230°.     Some  white 
solid  also  collected  in  the  condenser.     Above  230°  decomposition 
took  place.       The  second  portion,  boiling  at  223  -230  ,  was  re- 
distilled.    About  half  of  it  came  over  in  a  pinkish  oil  below  222°, 
the  temperature  rising  gradually.     The  portion  between  222°-230°  was 
a  red  oil,  and  with  the  last  portions  of  the  oil,  some  more  of  the 
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solid  was  collected  in  the  condenser. 

The  solid  portion  from  the  reaction  flask  was  decomposed 
with  ice  and  hydrochloric  acid,  and  extracted  several  times  with 
ether.     The  ethereal  solution  was  dried  with  anhydrous  sodium 
sulphate  and  the  ether  distilled  off.     A  red  oil  was  left  in  the 
distilling  flask  at  this  point.     Between  45°-58°  a  very  small  amount 
of  liquid  was  obtained.     The  remaining  portion  was  heated  on  the 
water-bath  as  high  as  70  .     In  order  to  avr.id  the  chance;:  of  de- 
composition this  oil  was  pieced  in  a  weighing  tube,  corked  and 
placed  in  an  ice  and  salt  bath.     In  a  few  minutes,   the  entire  mass 
crystallized  in  a  yellowish-white  solid.     The  entire  quantity  was 
clay  plated,  forming  almost  white  powdery  crystal s. 

Weight  of  crystals  7  grams 

M.  p.   of  crude  crystals  60°-65° 
Recry stallized  from  alcohol  in  white  powdery  crystals.     The  first 
and  larger  portion  of  the  crystal,    was    filtered  and  dried.     M.  p. 71° 
A  second  and  third  portion  of  crystals  were  also  obtained  from  the 
mother  liquor. 

E.  It  was  now  decided  to  use  a  large  excess  of  the  Grignard 
reagent  and  to  add  the  ethereal  solution  of  the  benzyl  thiocyanate 
to  the  ethyl  magnesium  bromide.     The  quantities  used  were  as  follows: 

1.0  part  C6H5CH2SCN  ,    40  grams 

1.2x3=  3.6  part        Mg  23.4  " 

1.4x3=4.2       "  G2H5Br  122.6  " 

The  cooled  ethereal  solution  of  the  benzyl  thiocyanate  was  added  to 
the  cooled  ethereal  solution  of  the  Grignard  reagent.     The  reaction 
took  place  with  considerable  violence,  a  large  amount  of  the  greyish 
black,  sticky  residue  separating  in  the  bottom  of  the  flask. 


-  13  - 

The  ethereal  solution  was  poured  off  from  the  sticky 
residue  and  decomposed  with  ice  and  hydrochloric  acid.     The  ether 
layer  was  separated  and  dried  over  anhydrous  sodium  sulphate.  The 
ether  was  removed  by  distillation  and  the  crude  product  of  yellow 
oil  weighed  20  grams.     Fractions  were  collected  as  follows: 

First  35°-190°        small  amount,  ketone  odor 

Second  190°-231°        major  portion  (217°-231°) 

Small  residue 

The  second  portion  was  ref ractionated  and  the  oil  distilled  over 
between  215°-217°.       Weight,  7  grams. 

The  sticky  residue  from  the  reaction  flask  ;vas  decomposed 
with  ice  and  hydrochloric  acid,   the  oily  layer  was  extracted  with 
ether,  and  dried  over  anhydrous  sodium  sulphate*     The  ether  was  re- 
moved by  distillation  and  the  crude  product  of  yellow  oil  weighed 
18.5  grams.     Fractions  were  collected  as  follows: 
First  35°-87°  small  amount 

Second  87°-210°        major  portion  (190°-210°) 

Small  residue 

The  second  portion  was  ref ractionated  and  the  oil  distilled  over 
between  195°-196°.     Weight,  8  grams.     In  these  fractionations  a 
small  25  cc.  Ladenburg  distilling  bulb  was  used  very  successfully. 

F.  To  check  the  previous  reaction,  it  was  carried  out  in  the 
same  manner,  using  a  larger  amount  of  the  reagents.  The  quantities 
used  were  as  follows: 

1.0  part  C6H5CH2SCN  50.0  grams 

1.2x4-  4.8  "  Kg  38.0  " 

1.4x4*^5.6  w  CgH5Br  204.4  H 

The  ethereal  solution  was  filtered  from  the  solid  residue  and  de- 
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composed  with  ice  and  hydrochloric  acid.     The  oily  layer  was  ex- 
tracted with  ether  until   all  was  separated.     After  drying  the 
ethereal  solution  with  anhydrous  sodium  sulphate  the  ether  was  dis- 
tilled over  and  the   crude  product  weighed.     Weight,  19.4  grams. 
After  three  fractionations,  the  major  portion  distilled  over  between 
214°-220°.     Weight,  10  grams.     Reading  of  barometer,  737  m.m.  at 
27  °C. 

The  solid  residue  was  decomposed  with  ice  and  hydrochloric 
acid  and  the  oily  layer  was  taken  up  in  ether.     After  drying  the 
ethereal  solution,  the  ether  was  distilled  over  and  th e  c rude 
product  weighed.     Weight,  26.3  grams.     After  three  fractionations, 
the  major  portion  distilled  over  between  194°-196  .     Weight,  13  gms. 
A  small  portion  between  213°-217°  was  also  obtained;  weight  4  grams. 

G.     It  was  now  decided  to  try  the  reaction  with  phenyl 
magnesium,  bromide.     The  quantities  used  were  as  follows: 

l.C  part  CgHgCH^SCN  50.0  grams 

1.2x3  =:  3.6     "  Mg  29.4  " 

1.4x3-4.2     "  C6H5Br  249.5  " 

The  ethereal  solution  of  benzyl  thiocyanate  was  run  into  a  large 
excess  of  the  ethereal  solution  of  phenyl  magnesium  bromide.  The 
reaction  was   similar  to  the  previous  runs  with  ethyl  magnesium 
bromi  de. 

The  reaction  product  was  decomposed  wi  th  ice  and  hydro- 
chloric acid  without  separation  of  the  solid  portion,  keeping  the 
flask  cool  with  an  ice  and  salt  mixture.     The  evolution  of  gas  was 
no+  as  large  as  in  previous  runs  and  there  was  not  complete  solution. 
Between  the  acid  and  ether  layers  there  was  a  layer  of  white  starchy 
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solid.     This  solid  was  filtered  off  with  suction,  washed  with  acid 

and  water,  refiltered,  rewashed,  dried  and  clay  plated.     It  was 

placed  in  a  weighing  tot  tit    and  weighed.     Weight,  7  grams.  After 

standing  over  for  three  days  another  solid  separated  from  the 

filtrate  of  the  above.     It  was  filtered  off,   washed  with  water, 

dried  and  clay  plated.     Weight,  5  grams.     The  latter  is  soluble  in 

ether  and  its  melting  point  was  found  to  be  48°-49Q.     This  agrees 

o 

with  benzophenone ,  m.p.   48  .     So  it  is  the  result  of  the  hydrolysis 
of  the  first  solid,  according  to  the  following  reactions: 
C6H5CH2MgBr  -f-  O^gCH  =  C^CH^C-C^ 

N-MgBr 

C6H5CK2-C-G6H5-|-2  H90  =   C  KrCH0-C-C  Kr  +•  MgBrOH  4-NEL 

N-KgBr  N-K.HC1 

C  H  CH  -C-C  H        HpO    =r    CAHe.CKfJ-C-CJi.+  HCl^NH 
6  5     2  ||     o  5  •  6  5     2  n     6  5'  1  3 

N-K.HGl  0 
The  ether  layer  was  separated  completely  from  the  water 
layer  bj   several  extractions.     It  was  dried  with  anhydrous  sodium 
sulphate  and  the  ether  evaporated  from  a.  water  bath.     The  weight  of 
the  crude  product  was  144.5  grams.     It  was  distilled  Under  a  pressure 
of  15  m.m. 

First  35-130°        clear  oil,  major  portion  80°-90° 

Second  130°-185°      green  Oil,  major  portion  160°-170° 

Weight,  33  grams 

The  second  portion  was  redistilled  under  17  m.m.  pressure. 

First  35°-165°      very  smell 

O  o  o 

Second  165°-175        major  portion  167-170 

Weight,   30  grams 

This  portion  was  seeded  with  a  crystal  of  benzophenone,  and 


-  16  - 

crystallized  completely.     The  melting  point  of  the  purified  crystals 

o  ^o 
was  48  -49  . 

The  first  portion  distilling  35°~130°  at  15  m.m.  v/as 
..fractionated  under  ordinary  pressure.     Second  fractionation, 
747.8  ra.m.   at  23°C. 

First  70°-150°      some  benzene  7  grams 

Second        150°-160°      major  portion  153°-157°     33  grams 
Third  160°-190°  12  " 

Fourth        190°-200        major  portion  192°-197°     11  " 
Red  oil  above  200° 

The   second  fraction  contains  bromobenzene  whose  boiling 
point  is  157°.     The  fourth  fraction  and  most  of  the  third  represents 
"the  benzyl  mercaptan,  b.p.  194°-195°. 

So  the  main  products  of  this  reaction  are  benzophenone , 
bromobenzene,  and  benzyl  mercaptan. 

H.     The  reaction  of  the  Grignard  reagent  was  tried  on  para- 
chlorbenzyl  thiocyanate.     The  latter  was  prepared  by  the  bromination 
of  p.  chlortoluene  and  subsequent  treatment  in  absolute  alcohol 
solution  with  ammonium  thiocyanate.     The  portion  used  in  the  re- 
action was  collected  between  163°-170    at  23  m.m.  pressure.  Its 

o  1  \ 

melting  point  is  given  as  IV  07    The  quantities  used  were  as  follows: 

1.0    part  CgH.Cl^CHgSCM  25.0  grams 

1.2x3^  3.6  parts    Mg  11.2  w 

1.4x3  =  4.2      "  H  t-Er  58.5  w 

The  dry  ether  solution  of  the  p.  chlorbenzyl  thiocyanate  was  added 

to  the  ethereal  solution  of  the  Grignard  reagent.     The  reaction 

product  was  decomposed  with  ice  and  concentrated  hydrochloric  acid, 

the  oily  layer  was  extracted  several  times  with  ether  and  dried  over 
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anhydrous  sodium  sulphate.     The  ether  was  distilled  over  and  the 

crude  product  of  a  reddish  yellow  oil  weighed  33  grams.     This  was 

distilled  under  a  pressure  of  18  m.m. 

First  68°-132°        small  amount  of  liquid 

0  o 

Second        132  -183  liquid  at  first,   then  solid, 12  gms 

Third  183°-224°        yellow  solid,   1C  gms 

This  solid  was  re-crystallized  from  ligroin  and  its  melting  point 
was  found  to  be  69°-71°.     As  yet,  I  have  not  been  able  to  identify 
this  solid.     Failure  may  be  attributed  partially  to  the  impurities 
in  the  p.   chlorbenzyl  thiocyanate. 

I.     The  reaction  was  last  tried  with  isobutyl  magnesium 
bromide  and  benzyl  thiocyanate.     The  quantities  used  were  as  follows: 
1.0  part  CgKcCH^SCN  25  grams 

1.2x3=3.6         "  Mg  14.7  " 

1.4x3=4.2        n  (CHOoCHCHoBr        9^-r-  " 

The  ethereal  solution  of  the  benzyl  thiocyanate  was  added  to  a  large 
excess  of  the  isobutyl  magnesium  bromide.     The  reaction  product  was 
decomposed  with  ice  and  hydrochloric  ac^'  d,   extracted  with  ether,  and 
the  ethereal  solution  was  dried  with  anhydrous  sodium  sulphate. 
The  ether  was  removed  by  distillation.     The  weight  of  the  crude 
product  was  18  grams.     After  repeated  fractionations  the  following 
fractions  were  collected: 


First 

Second 

Third 

Fourth 

Fifth 


110°-180° 


180°-210 
210°~215° 
215°-240° 
240°-245° 


small  amount 

clear  liquid,  4  grams 

small  amount 

contains  part  of  next  fraction 

major  portion,  243°-244° 

a  reddish  brown  oil,  10  grams  ' 


IS  - 

Barometric  pressure      737  num.  at  27°C 
The  main  jjroducts  of  this  reaction  seem  to  be  benzyl 
mercaptan  and  an  oil,  the  thioether,  which  I  have  identified  as  the 
isobutyl  benzyl  sulfide,  b.p.  243°-244°. 

The  sulphur  was  determined  by  the  method  of  Carius. 
height  of  sample  taken  0.1473  grams 

"        "     BaS04  obtained  0.1823  " 

Calc.  for  C11H16S:     S,     17.77$.       Found:     S,  16.99$. 
Index  of  Refraction  at  20°C. 

Readings  1.4910 

1.4912 
1.4912 
1.4913 


Average  1.4912 


El.  0.968  §§. 
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III.  CONCLUSION 

1.  In  the  study  of  the  reaction  of  the  Grignard  reagent  on 
thiocyanates ,  we  found  that  dibenzyl  disulfide  and  stilbene  were  th 
main  products  of  the  reaction,    when  the  reacting  substances  were 
used  in  equi -molecular  amounts. 

2.  When  the  ethereal  solution  of  the  benzyl  thiocyanate  was 
run  into  a  large  excess  (3  mols)  of  the  Grignard  reagent,  it  was 
found  that  a  mixture  of  benzyl  mercaptan  and  the  thioether, 
C6H5CH2-S-R,  was  obtained. 

3.  With  phenyl  magnesium  bromide  and  benzyl  thiocyanate  the 
main  product  of  the  reaction  was  benzophenone ,  with  a  small  amount 
of  the  benzyl  mercaptan. 

4.  By  the  interaction  of  isobutyl  magnesium  bromide  and 
benzyl  thiocyanate,  the  main  product  of  the  reaction  was  benzyl 
isobutyl  sulfide. 

5.  A  partial  study  of  the  reaction  of  the  Grignard  reagent 
on  organic  compounds  containing  the -8CN  radical  has  been  made,  re- 
sulting in  a  new  method   for  the  synthesis  of  nercaptans  and  thio- 
ethers . 

6.  With  further  study,  the  mechanism  of   the  reactions  and 
more  extended  applications  of  its  use  with  other  -SCN  compounds 
may  be  determined. 
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